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Display 

The present invention relates to a display. Such a display has two modes of operation, 
namely a single- view mode and a multiple-view mode. The multiple-view mode may 
be used to display images which may be unrelated to different viewers. As an 
alternative, the multiple-view mode may be used to display homologous stereoscopic 
pairs of views to one or more viewers so as to provide an autostereoscopic three- 
dimensional (3D) display, in which case the single-view mode may be referred to as a 
two-dimensional (2D) mode. 

Displays which are capable of operating in 2D and 3D modes are disclosed, for 
example, in EP0829744, GB2390172 and JP031 19889. In such arrangements, the 
ability to switch between such modes is provided by attaching additional components to 
a standard 2D display such as a hquid crystal display. 

US47 17949 and US4829365 disclose an autostereoscopic havmg a backlight which 
provides Ught-emitting lines separated by dark areas. However, such a display is not 
capable of operating in single view or 2D mode. 

US5897184 discloses another display which can be switched between 2D and 3D 
modes. The display comprises a liquid crystal device with rear illumination provided 
by a light guide structure. A liquid crystal device acts as a switchable diffuser between 
the light guide and the panel. 

According to a first aspect of the invention, there is provided a Uquid crystal display 
comprising a backlight and a spatial Ught modulator for modulating light firom the 
backlight, the backlight having a light-output surface, at least one portion of which 
comprises a pluraUty of first regions arranged to output light in a multiple-view mode of 
the display, the whole of the at least one portion being arranged to output Ught in a 
single-view mode of the display. 
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The at least one portion may comprise a plm-ality of second regions arranged to output 
light alternately with the first regions for temporal multiplexing of views in the 
multiple-view mode. 

5 The at least one portion may comprise a plurality of second regions with the first and 
second regions being independently controllable to emit light for observer tracking in 
the multiple-view mode. 

The backlight may comprise: a first Ught guide having the first regions; a first visible 
10 light source for supplying light to the first light guide; a second Hght guide having a 
remainder of the at least one portion; and a second visible light source for supplying 
light to the second Hght guide. 

The first light guide may have a higher refi:active index than the second light guide. 

15 

The first light guide may be disposed on an output surface of the second light guide. 

Each of the first and second light guides may comprise at least one waveguide. As an 
altemative, each of the first and second li^t guides may comprise a plurality of optical 
20 fibres. 

The first and second light guides may be separated firom each other by a material of 
lower refractive index, such as air. 

25 Non-input and non-output surfaces of the first and second waveguides may be at least 
partially covered by a non-transmissive material, which may be reflective. 

The backlight may comprise a lightguide, a visible light source for supplying light to the 
lightguide, first fluorescent material forming the first regions, and a first ultraviolet light 
30 source for illuminating the fluorescent material. The fluorescent material may be 
dispersed in a visible light scattering medium. 
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The first fluorescent material of each first region may be arranged to emit Ught of two 
colour components. 

The at least one portion may comprise a plurality of third regions formed by second 
fluorescent material, the backlight comprising a second ultraviolet light source, the first 
and second ultraviolet light sources being arranged to emit first and second wavelengths 
in response to which the first and third fluorescent materials, respectively, fluoresce. 

The first and third regions may be substantially disposed in first and second planes, 
respectively, which are spaced apart in a direction of light output from the backlight. 

The first and third regions may extend in orthogonal directions. 

The first regions may be elongate. The first regions may be substantially parallel. The 
first regions may be substantially uniformly spaced apart. 

The display may comprise an array of lenses at the first regions. The spatial Ught 
modulator may have a transmissive mode of operation. The spatial Ught modulator may 
be a liquid crystal device. 

It is thus possible to provide a display which can be switched between single-view and 
multiple-view modes of operation without requiring the presence of additional 
components of significant weight, size or cost as compared with a display having only a 
multiple-view mode of operation. Relatively thin multi-mode displays can therefore be 
provided with little or no additional compUcation, weight, thickness or cost compared 
even with known types of single-view or 2D displays. Efficient use of Ught generated 
in the backlight can be made and the brightnesses in the two modes of operation may be 
controlled substantially independently, for example so as to have equal brightnesses in 
the single-view mode and in the multiple-view mode. 

« 

The invention will be fiirther described, by way of example, with reference to the 
accompanying drawings, in which: 



X 
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Figure 1 illustrates diagrammatically a known type of multiple-view display and a 
display constituting an embodiment of the invention operating in 3D or multiple-view 

mode and in 2D or single- view mode; 

5 Figures 2 and 3 are«. diagrammatic plan views of backlights for use in displays 
constituting embodiments of the invention; 

Figure 4 is a diagrammatic side view of another backlight for use in displays 
constituting embodiments of the invention; 

10 

Figure 5 is a diagrammatic plan view of another backlight for use in displays 
constituting embodiments of the invention; 

Figure 6 is a diagrammatic plan view of part of the backlight shown in Figure 3; 

15 

Figure 7 is a diagranmaatic plan view illustrating a light guide which may be used in a 
backlight of the type illustrated in Figure 2 or Figure 3; 

Figure 8 is a diagrammatic side view of another backlight which may be used in 
20 displays constituting embodiments of the invention; 

Figure 9 shows diagrammatic cross-sectional and plan views of a display constituting 
another embodiment of the invention; 

25 Figure 10 is a diagrammatic plan view of a modified form of backlight which may be 
used in the display of Figure 9; 

Figure 11 is a diagrammatic cross-sectional view of a display constituting a further 
embodiment of the invention; 

30 

Figure 12 shows diagrammatic plan views of a backlight for use in a display of the type 
illustrated in Figure 9; 
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Figure 13 is a diagrammatic plan view of another backlight which may be used in a 
display constituting an embodiment of the invention to provide temporal as well as 
spatial multiplexing; ' 

5 Figure 14 shows diagrammatic cross-sectional views of another type of backlight for 
providing temporal and spatial multiplexing; and 

Figure 15 is a diagrammatic plan view of another backlight which may be used in a 
display constituting an embodiment of the invention to provide observer tracking. 
10 

Like reference numerals refer to like parts throughout the drawings. 

Figure 1 illustrates at A a known type of multiple-view display comprising a liquid 
crystal display panel 1 and a backlight 2. A parallax barrier 3 is disposed between the 
15 panel 1 and an extended output surface of the backlight 2. The backlight 2 typically 
comprises a waveguide and a light source, such as a cold cathode fluorescent lamp or a 
light emitting diode (LED). 

Such a display is capable of supplying unrelated images to different viewers or acting as 
20 an autostereoscopic display when homologous pairs of images are viewed by the 
respective eyes of a viewer. 

In order to be able to operate in a single-view or 2D mode of operation, it is necessary 
to defeat the parallax-generating function of the parallax barrier 3. Examples of 

25 arrangements for achieving this include the use of additional devices, such as switchable 
diffusers, and parallax barriers which caa effectively be switched off for the single-view 
mode. Such arrangements generally make tlie display thicker, heavier, more 
complicated and more expensive than a display having only a single-view mode, in 
which the parallax barrier 3 and any other elements required for switching modes are 

30 not required. 

Figure 1 shows at B and C a display constituting an embodiment of the invention and 
operating in multiple-view and single-view modes, respectively. This display differs 
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from that shoAvn at A in that the parallax barrier is not required and the backhght 2 is 
switchable so as to provide Ihe two modes of operation in conjunction with the images 
being displayed by the LCD panel 1 . The backUght 2 has a light-output surface, which 
is divided so as to provide first regions such as 4 which emit light in the multiple-view 
mode and which are arranged as elongated parallel evenly spaced thin light soxurces 
cooperating with the pixel structure of the panel 1 to define viewing regions for the eyes 
of one or more viewers in 3D operation or for different viewers when unrelated images 
are being displayed. 

In the single-view mode illustrated at C, the whole of the fight-output surface of the 
backlight 2 emits light so that the display ceases to be substantially directional and the 
fiill spatial resolution of the panel 1 is available for displaying an image which can be 
viewed throughout a wide viewing region. 

Figure 2 illustrates an example of a "divided" backlight which may be used to provide 
the two modes of operation as illustrated in Figure 1. The backlight comprises a 
waveguide having two Ught-guiding portions. A fnst portion 10 receives light from a 
first LED 11, which is switched on during the multiple-view mode of operation. A 
second portion 12 provides the dark regions between the "line sources" in the multiple- 
view mode. The second portion 12 has a refractive mdex which is lower than that of the 
first portion 10. Thus, at the interfaces between the first and second portions, Ught from 
the LED 1 1 is totally intemally reflected. 

When the display is required to operate in the 2D or single-view mode, a fiirther LED 
13 suppfies light to the portion 12 with the LED 11 continumg to supply light to the 
portion 10. The whole of the output surface of the backlight thus supplies light to the 
LCD panel. 

The waveguide comprising the portions 10 and 12 may be manufactured as a single 
unit, for example by injection moulding, and the structure at the output surface of the 
waveguide may be arranged to provide substantially imiform intensity of illumination 
across the area of the panel 1 . As an altemative, the waveguide may be fomied by an 
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array of optical fibres arranged in a plane with alternating fibres illuminated by different 
visible light sources. 

LEDs typically have an operating region within which a substantially linear relation 
5 exists between current through the diode and output light mtensity. For a given amount 
of electrical power consvmiption, it is possible to achieve substantially the same total 
brightnesses in the single-view and multiple-view modes of operation of the backlight. 

Figure 3 illustrates a backlight of a similar type to that shown in Figure 2 but in which 
10 the portions 10 and 12 are physically separated from each other and may be of materials 
of the same refractive index. The individual waveguides 10 and 12 are separated by a 
narrow region of low refractive index material. For example, the region 15 may be in 
the form of an air gap, for example produced by mechanical, chemical etching or 
photolithographic techniques. 

15 

Figure 4 illustrates another light guide arrangement in which the region 10 of relatively 
high refractive index is formed by depositing a pattemed layer of suitable material on 
top of the portion 12 of lower refractive index. 

20 Confinement of light such that it is output from the correct surface regions of the 
backlight may be improved by the addition of reflective or opaque coatings at 
appropriate surfaces of the portions 10 and 12. For example, as illustrated in Figure 5, 
mirrors 18 are arranged between the LED 11 and the portion 12 so as to prevent light 
from the LED 11 entering the portion 12 and so as to retum Ught which would 

25 otherwise be lost for re-use. Similarly, mirrors 19 are provided to perform the same 
fimction in respect of the portions 10 and the LED 13. In the case of a Ught guide 
arrangement of the type shown in Figure 3, the walls of the air gaps or the like may be 
coated with opaque or reflecting material as illustrated at 20 in Figure 6. 

30 In order to provide substantially uniform illumination across the area of illumination in 
the single-view mode of operation, the structure of a waveguide for a "feed-in" portion 
interfacing with the light source may be arranged as appropriate. An example of a 
stepped structure to achieve substantially uniform illumination is illustrated in Figure 7. 



I 
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la order to improve performance in the multiple-view or 3D mode of operation, a lens 
array may be used in combination with the pattern of illumination produced by the 
backlight and may be of the type disclosed in EP0847208 and EP1078294. An example 
of this is illustrated in Figure 8, in which a plastic lens array 21 is formed on and in 
5 aUgnment with the portion 10. Such an airangement may be formed as a single molded 
device comprising a segmented waveguide and lens array. 

The display shown in Figure 9 has an LCD 1 comprising a liquid crystal pixel layer 25 
between substrates 26 and 27 with an inpnt polarisation 28 and an oulput polarisation 

10 29. Other elements, such as aUgnment layers, addressing arrangements and colour 
filtering, are not shown for the sake of clarity. The backUght includes a waveguide 30. 
A fluorescent stripe array 45 is formed on the output surface of the waveguide 30 or on 
a separate substrate immediately adjacent the output surface of the waveguide 30. A 
visible or white light LED 46 is shown along one input edge of the waveguide 30 

15 whereas an ultraviolet (UV) LED 47 is shown along another input edge of the 
waveguide 30. The fluorescent stripe array 45 comprises relatively thin stripes, such as 
48, of fluorescent material, which is transparent to visible Ught but which absorbs 
ultraviolet light and fluoresces in the visible spectrum. The stripes 48 are parallel to 
each other and evenly spaced. 

20 

As illustrated at 49, in the multiple-view or 3D mode of the display, the white LED 46 
is switched off whereas the UV LED 47 is switched on. The stripes 48 thus emit visible 
Ught and, as with all of the spatially multiplexed displays described herein, each stripe 
cooperates with the pixelated structure of the LCD 1 and the spatiaUy multiplexed 
25 arrangement of the views to provide independent images to different viewers or 
homologous stereoscopic views to one or more viewers. 

In the single-view or 2D mode as illustrated at 50, the white LED 46 is switched on 
whereas the UV LED 47 is switched off. The light guide 30 operates in the 
30 conventional way to distribute Ught from the LED 46 substantially uniformly through 
the LCD 1. 
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The fluorescent stripes 48 may be made of any suitable material, such as metal-ligand 
complexes and inorganic phosphors such as those used in plasma displays and cold 
cathode fluorescent tubes. Efficiency of illumination may be improved by dispersing 
the fluorescent material in a scattering meditim, such as a polymer matrix. 

5 

The fluorescent stripes 48 may be arranged to emit substantially white light and such an 
arrangement may be used for monochrome or black and white displays or with LCDs 1 
including colour filtering for providing full-colour displays. Altematively, the stripes 
48 may be arranged as repeating groups of different colours as illustrated by different 
10 shading densities in Figure 10. Each stripe may emit a single colour component, such 
as red, green or blue and materials suitable for this include terbium (Tb), iridium (Ir), 
and europium (Eu) metal complexes. As an altemative, each fluorescent stripe may be 
arranged to emit two of the primary colours, for example as disclosed in GB0320367.6, 
in order to improve viewing fireedom. 

15 

In the display shown in Figure 1 1, in addition to the white LED 46 and the UV LED 47, 
a further UV LED 53 is provided with the LEDs 47 and 53 emitting ultraviolet light at 
different wavelengths. The fluorescoat stripe array 45 comprises fluorescent material 
which responds only to the wavelengths emitted by the LED 47. A transparent spacer 
20 54, for example forming a substrate for other components or elements, is disposed 
between the array 45 and the LCD 1 and carries, on its surface nearer the LCD 1 another 
fluorescent stripe array 55. The fluorescent stripes of the array 55 respond only to 
wavelengths emitted by the LED 53. 

25 The angular separation between views in the multiple-view mode is determined partly 
by the distance between the light-emitting lines constituting the light source in this 
mode and the pixel plane of the LCD 1 . The arrangement shown in Figure 1 1 allows 
two different angular separations to be provided. In particular, when the LED 47 is 
illuminated so that the fluorescent stripes of the array 45 emit light, a relatively small 

30 angular separation between views is provided and this may, for example, provide a 3D 
autostereoscopic mode of operation. Conversely, when the LED 53 is switched on so 
that the fluorescent stripes of the array 55 emit light, a relatively wide angular 
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separation is provided and this may be more useful when the display is being used to 
supply views independently to two or more different viewers. 

Figure 12 illustrates another embodimeut which makes use of two UV LEDs 47 and 53 
5 emitting ultraviolet light at different wavelengths and two fluorescent stripe sancsys 45 
and 55 which, in this: embodiment, may or may not be separated by a substrate such as 
54 shown in Figure 1 1 and may be in the same relative positions or with their relative 
positions reversed. The fluorescent stripes 48 of the array 45 are oriented as illustrated 
herembefore so as to be parallel to the shorter edges of the rectangular display and 
10 hence so as to be vertical when the display is oriented in the "landscape" configuration 
with the shorter edges being vertical. Thus, when the LED 47 is illuminated, a multiple- 
view landscape format display is provided. 

Hie fluorescent stripes 56 of the array 55 extend orthogonally to tiie stiipes 48 of the 
15 array 45 and are hence parallel to the longer edges of the display. The display may 
therefore be oriented in the "portrait" format with the longer edges being vertical and, 
when the LED 53 is illuminated, the arrangement of the stripes 56 again provides 
horizontal parallax so as to pennit a multiple-view mode in tiie portrait format of the 
display. 

20 

In the displays described hereinbefore, it has been assumed that tiie different views in 
the multiple-view mode are displayed in a spatially multiplexed manner by the LCD 1. 
In particular, each tight-emitting stiip of the backlight is associated with a group of 
vertical image sUces taken from the different images and tiiis stiixctijre is repeated 
25 horizontally or laterally across the display. For example, the pixels of tiie LCD 1 may 
be arranged as columns with repeating groups where each column in each group 
displays a vertical slice or stiip of an image. Displays of tiiis type are well known and 
the spatial multiplexing format will not therefore be described fiuther. 

I 

30 In tiie multiple-view mode, tiie number of pixels of tiie LCD 1 available to display each 
image is equal to the total number of pixels of tiie LCD 1 divided by tiie number of 
images which are being simultaneously displayed. Thus, as tiie number of images 
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increases, the spatial resolution of each image is reduced, as is the image bri^tness for 
a given backlight output. 

Another technique for displaying a plurality of images on the same physical display is 
5 known as temporal multiplexing. In this type of arrangement, the whole display area is 
used to display each image and the images in a multiple-view mode are displayed one at 
a time in a repeating sequence with a sufficiently rapid rate to avoid visible flicker. 
Such an arrangement allows each image to be displayed with the full spatial resolution 
of the display but requires a display which is capable of a relatively high refresh or 
10 frame rate. Again, for a given backlight output, each image is displayed with reduced 
brightness compared with the single-view mode. 

Displays are also known in which spatial and temporal multiplexing techniques are 
combined. For example, in each display frame, two images may be displayed with 
15 spatial multiplexing and, for example, four different images may be displayed by 
changing the images in alternate frames and directing the images to different viewing 
regions in alternate frames. 

Figure 13 illustrates a backlight which is suitable for operating in the mixed spatial and 
20 temporal multiplexing mode. The backlight is of the same general type as illustrated in 
Figure 2 but, in addition to the LED 11 and the light guide 10, comprises another light 
guide 60 supplied by an LED 61. 

In the single-view mode, all of the LEDs 11,13 and 61 are illmninated so that the whole 
25 output sxirface of the backlight 2 suppUes light substantially evenly across the display 
area of the LCD 1. In the multiple-view mode, the LEDs 11 and 61 are illunmiated 
altemately and in synchronism with the frame refreshing of the LCD 1, whereas the 
LED 13 is switched off. The light guides 10 and 60 thus altemately form arrays of 
sources which are laterally shifted with respect to each other so as to define different 
30 viewing regions during consecutive frame periods. 

Another arrangement suitable for temporal and spatial multiplexing is illustrated in 
Figure 14 and makes use of the UV LEDs 47 and 53 of different wavelengths and the 



M&C JSR.P52944GB 




12 



arrays 44 and 45 of different fluorescent material stripes responding to the different 
wavelengths. In this case, the arrays 45 and 55 are coplanar and interdigitated such that 
the stripes of the array 45 alternate laterally with the stripes 56 of the array 55. 

5 Operation in the single-view mode is as described hereinbefore. In the multiple-view 
mode, the LEDs 47 and 53 are switched on in altemate frame periods of the display. 
Thus, in a first of each pair of consecutive frame periods as illustrated at 65, the LED 47 
is switched on whereas the LED 53 is switched off. The stripes 48 of the array 45 emit 
light whereas the stripes 56 of the array 55 do not. In this example, subsections of four 
10 views are displayed during this frame period in a spatially multiplexed mamier by the 
LCD 1. 

In the second of each pair of frames as illustrated at 66, the LED 47 is switched off 
whereas the LED 53 is switched on so that the stripes 56 of the array 55 emit light 

15 whereas the stripes 48 of the array 45 do not Different subsections of the foxu: views 
are displayed by the LCD 1 during this frame. By the use of the combination of spatial 
and temporal multiplexing, four views are thus displayed in four different viewing 
regions and the spatial resolution of each of the four images is doubled by the use of 
temporal multiplexing. Such a mode of operation may be used to display independent 

20 views to different viewers or to provide a 3D autostereoscopic display. 

Another known type of 3D autostereoscopic display tracks the position of an observer 
and moves the viewing regions accordingly. For example, such a display may include a 
video camera or other sensor arrangement for determining the position of the head of 

25 the observer. The position is then used to control the positions to which left eye and 
right eye views are projected so that the observer has some freedom of movement while 
still viewing the display orthoscopically. This may be achieved by translating the 
position of the light source, for example laterally, with respect to the pixels of an LCD. 
The relative movement may be provided by relative physical movement or may be 

30 simulated by switching on and off individual Ught sources in different positions. 

Figure 1 5 illustrates a backlight which is suitable for providing some degree of observer 
tracking ability for a multiple view or 3D display. The backlight 2 of Figure 15 is 



M&C JSR-P52944GB 

13 

similar to that shown in Figure 13 in that it comprises liglit guides 10 and 60 which are 
individually illuminatable by LEDs 11 and 61. A further LED 13 is similarly provided 
and all three LEDs are illuminated in the single-view mode so that the whole output 
surface of the backlight 2 supplies light substantially evenly across the display area of 
5 the LCD 1. 

The light guides 10 and 60 are arranged so that the individual line portions are 
substantially adjacent each other. In the multiple-view mode, either or both of the 
LEDs 11 and 61 may be illuminated in accordance with the position of the head of the 
10 observer as determined by a suitable observer tracking system (not shown). Such an 
arrangement allows a degree of lateral tracking of an observer. In order to provide 
greater lateral freedom, more than two light guides 10 and 60 with respective LEDs may 
be provided. 

15 When the observer is in the right hand most viewing region, the LED 61 is illuminated 
so that the light guide 60 forms a set of light lines which direct light encoding one or 
more views towards the observer. As the observer moves to the left, the other LED 1 1 
is illmninated so as to direct light encoding the view or views to a contiguous viewing 
region. As the observer moves further to the left and out of the right hand most viewing 

20 region, the LED 61 is switched off so that only the light hnes of the light guide 10 direct 
light towards the observer. 

Although only one of the LEDs 11 and 61 at a time may be switched on, undesirable 
visual artefacts may occur when the observer is moving from one viewing region to the 
25 next viewing region. By switching on both LEDs 11 and 61 when the observer is in 
such a position, such artefacts may be avoided or substantially reduced. Also, in order 
to avoid or reduce such artefacts, the adjacent Ught lines of the guides 10 and 60 should 
be laterally contiguous or as close together as possible. This avoids or reduces the 
effect of a gap between the viewing regions. 

30 

In the displays described hereinbefore, it has been assumed that the whole of the display 
area will operate either in the single-view mode or in the multiplerview mode. 
However, it is possible for the mode of operation of different regions of the display to 
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be controlled independently of each other, for example so that one part of the display 
operates in the single-\iew or 2D mode whereas another part of the display operates in 
the multiple-view or 3D mode. For example, this may be achieved by dividing up the 
backUght into different regions whose modes of operation can be controlled 
independently of each other and by displaying the appropriate images on the LCD. 
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CLAIMS: 

1. A display comprising a backlight and a spatial light modulator for modulating 
light from the backlight, the backlight having a light-output surface, at least one portion 

5 of which comprises a plurality of first regions arranged to output light in a multiple- 
view mode of the display, the whole of the at least one portion being arranged to output 
light in a single-view mode of the display. 

2. A display as claimed in claim 1, in which the at least one portion comprises a 
10 plurality of second regions arranged to output light altemately with the first regions for 

temporal multiplexing of views in the multiple-view mode. 

3. A display as claimed in claim 1, in which the at least one portion comprises a 
plurality of second regions with the first and second regions being independently 

1 5 controllable to emit light for observer tracking in the multiple-view mode. 

4. A display as claimed in any one of the preceding claims, in which the backlight 
comprises: a first light guide having the first regions; a first visible light source for 
supplying light to the first light guide; a second light guide having a remainder of the at 

20 least one portion; and a second visible light source for supplying light to the second 
light guide. 

5. A display as claimed ia claim 4, in which the first light guide has a higher 
refiractive index than the second light guide. 

25 

6. A display as claimed in claim 4 or 5, in which the first light guide is disposed on 
an output surface of the second light guide. 

7. A display as claimed in any one of claims 4 to 6, in which each of the first and 
30 second light guides comprises at least one waveguide. 



8. A display as claimed in any one of claims 4 to 6, in which each of the first and 
second light guides comprises a plurality of optical fibres. 
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9. A display as claimed in claim 4, in which the first and second light guides are 
separated from each other by a material of lower refractive index. 

10. A display as .claimed in claim 9, in which the material of lower refractive index 



is air. '% 



11. A display as claimed in any one of claims 4 to 10, in which non-input and non- 
output surfaces of the first and second waveguides are at least partially covered by a 
non-transmissive material. 

12. A display as claimed in claim 11, in which the non-transmissive material is 
reflective. 

13. A display as claimed in any one of claims 1 to 3, in which the backlight 
comprises a Ught guide, a visible hght source for supplying Ught to the Ught guide, first 
fluorescent material forming liie first regions, and a first ultraviolet light source for 
illuminating the fluorescent material. 

14. A display as claimed in claim 13, m which the first fluorescent material is 
20 dispersed in a visible light scattering medium. 

15. A display as claimed in claim 13 or 14, in which Ihe first fluorescent material of 
each first region is arranged to emit Ught of two colour components. 

25 16. A display as claimed in any one of claims 13 to 15, in which the at least one 
portion comprises a plurality of third regions formed by second fluorescent material, the 
backUght comprisuxg a second ultraviolet light source, the first and second ultraviolet 
light sources being arranged to emit first and second wavelengths in response to which 
the first and third fluorescent materials, respectively, fluoresce. 



30 



17. A display as claimed in claim 16, in which the first and third regions are 
substantially disposed in first and second planes, respectively, which are spaced apart in 
a direction of light output from the backlight. 
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18. A display as claimed in claim 16, in which the first and third regions extend in 
orthogonal directions. 

19. A display as claimed in any one of the preceding claims, in which the first 
regions are elongate. 

20. A display as claimed in claim 19, in which the first regions are substantially 
parallel. 

21. A display as claimed in claim 20, in which the first regions are substantially 
uniformly spaced apart. 

22. A display as claimed in any one of the preceding claims, comprising an array of 
lenses at the first regions. 

23. A display as claimed in any one of the preceding claims, in which the spatial 
light modulator has a transmissive mode of operation. 

24. A display as claimed in claim 23, in which the spatial light modulator is a liquid 
crystal device. 
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ABSTRACT 
Display 

A display comprises a backlight (30, 45 - 48) and a spatial light modulator (1) such as a 
5 liquid crystal device for modulating light from the backUght (30, 45 - 48). The 
backlight has a light-output surface (45) with a first set of regions in the form of parallel 
evenly spaced strips (48). In a multiple-view mode of the display, these strips (48) emit 
light whereas the remainder of the output surface (45) is dark. In a single-view mode of 
operation of the display, the whole of the output surface (45) emits light substantially 
10 evenly across the display area of the modulator (1). 




(Figure 9) 
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